INTRODUCTION
Since the Reform and the Opening, China's urban development has experienced a period of rapid development both quantity and scale ones, and great changes have taken place. By the end of 2013, the number of China's urban resident population reached 730 million, the urbanization rate increased to 53.73%, the number of cities (at the prefecture level and above it) reached 286. At the same time, the urban economy became an important bearer of China's economic growth. For example, the three largest urban agglomerations, namely Beijing-Tianjin-Hebei, the Pearl River Delta and the Yangtze River Delta, account for a proportion of the GDP reaching 36%. At the same time, it was also noticed that the development of Chinese urban efficiency was facing serious problems: an extensive expansion of urban resources, accompanied by a serious waste of land resources; the urban management level is low, leading to a serious "urban disease"; the worsening ecological pollution of the environment. Since the 18 th CPC National Congress
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Given the fact that the existing evaluation and analysis of urban efficiency are negligent of external negative effects on the environment in the medium and long term, this paper constructs an SBM -an undesirable model containing an undesirable output, measures the urban efficiency of 285 cities in China at or above the prefecture level during [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] , decomposes it into urban pure technical efficiency and urban scale efficiency and makes a comparative analysis of them separately. The results show that, when the environmental factors are taken into account, the level of urban efficiency in China is low, but is a large room for it to improve. The impact of the decomposition of urban scale efficiency on urban efficiency is continuously enhancing. From a regional perspective, urban pure technical efficiency is the highest in the eastern region, only to be followed by the western region, whereas it is the lowest in the middle region. From the point of view of the scale, urban pure technical efficiency represents a "U-type" change and urban scale efficiency represents an "inverted U" change. Therefore, this paper suggests that in order to improve urban efficiency, we should adopt different urban development policies for cities located in different regions and on different scales. 'an, Shaanxi, China; e-mail: 245283162@qq.com proposed an "intensive, smart, green, low-carbon model of the urbanization road", the high quality and efficiency of urban construction is the inevitable choice of new urbanization in China. Therefore, it is necessary that a comprehensive analysis of China's urban efficiency level and change, a spatial layout, should be conducted, providing a theoretical support and the policy suggestion to improve the quality of urban construction.
Keywords
The studies of urban efficiency started relatively late, when domestic and international scholars conducted in-depth researches in the thot issues of urban efficiency. In the study of urban efficiency, early scholars used a single indicator to measure efficiency, such as the efficiency of labor efficiency, and used it to study the relationship between urban efficiency and the size of a city (Alonso, 1971, 71-83; Prud'home & Lee, 1999 , 1849 -1858 . In his further research into the matter, W. D. Macmillan (1986) first proved that the DEA model could be applied to evaluate the behavior of a regional output, and A. Charnes, W. Coper and S. Li (1989) first used the DEA model to analyze the efficiency of the economic development of 28 Chinese cities in [1983] [1984] , not only confirming that the DEA is a viable approach to urban studies, also proposing additional output indicators such as the quality of life that should be included in an urban efficiency assessment in order to carry out a more comprehensive assessment of urban development. Later, different scholars used this method to evaluate urban efficiency from different research aspects (Byrnes & Storbeck, 2000; Syrjänen, 2004, 20-33; Poveda, 2012, 343-366; Staničková & Skokan, 2012, 349-357) .
Domestic scholars also did research into urban efficiency, the earliest one being able to trace back to Li Bozhi (1987, 115-121+128) doing research in the economic efficiency of a city, urban residential efficiency, urban operation efficiency, urban environmental efficiency, as the four parts for the evaluation of the efficiency of Nanchang City. After this, scholars did research into the development of urban efficiency following two routes: the first one was researching in the methods of improving. There was a transition from a single index sorting out a multiple index comprehensive evaluation (Wang Sijun, 1994, 46-52) , the traditional DEA model (Gao Chunliang, 2006, 36-42; Li Pei, 2007, 97-106; Dai Yong'an, 2010a) , the super DEA model (Yuan Xiaoling, Zhang Baoshan & Zhang Xiaoni, 2008, 102-107) , and the SFA model (Dai Yong'an, 2010b, 103-117+132) as well as other methods, gradually improving the accuracy of the urban efficiency evaluation of China; the second one implied that the object of studying continued to expand and improve, from the singlecity to a provincial-or regional-level economy only to move on to the national level. There are some scholars who studied the efficiency of the professional features of the city (Fu Juan & Sun Jiuwen, 2014, 31-38; Zhang Juntao & Liu Jianguo, 2011, 578-583+590; Pan Jinghu & Yin Jun, 2012, 53-60; Li Xun, Xu Xianxiang & Chen Haohui, 2005, 615-625; Zhao Xiaoxia, Qu Aixue, Xun Wenhua & He Leilei, 2012, 74-78) .
By reviewing the study of the literature found in the existing urban efficiency measurement study most studies only use economic efficiency characterizing urban efficiency, neglected in the production process of urban life rubbish and industrial waste discharge and other environmental negative outputs, for which reason it is difficult to accurately scientifically evaluate urban efficiency, consider the environmental factors which may vary urban efficiency. In view of this, this paper will use the SBM Undesirable Model, which contains the negative output of the city's environment in the operation process in order to reasonably determine urban efficiency, explore the spatial characteristics of the evolution of China's urban efficiency and put forward some methods to improve the efficiency of urban system. For the construction and development of new urbanization in China, a reasonable and scientific reference is put forward.
RESEARCH METHODS AND DATA COLLECTION

Research methods
This paper uses the Tone proposed, considering the undesirable outputs of the SBM-Undesirable Model of a Chinese prefecture-level city as an independent decision making unit (DMU) in order to more accurately measure the urban efficiency under environmental constraints. The principle is as follows:
Assuming the urban system with a total of N decisionmaking units, each decision-making unit has three vectors namely the input, the expected output and the undesirable output, which are as follows:
Then, the production possibilities set p is defined as:
Then, by definition, the undesirable output of the SBMUndesirable model is added as follows (1): (1)
In the above formula vector S¯, S g , S b corresponding, respectively, to the input slack and the desired output slack and the undesirable output slack. λ is the weight vector; ρ is the target value of efficiency, and is strictly monotone, satisfying 0 ≤ ρ ≤ 1. When ρ = 1 and S¯ = 0, S g = 0, S b = 0 the decision-making unit is effective; if ρ < 1, the decision-making unit is ineffective, so it is necessary that improvements should be made with respect to the input and the output.
According to the literature, in the urban efficiency analysis, it is decomposed into pure technical efficiency and scale efficiency. The formula is expressed as:
Pure Technical Efficiency (PTE) reflects the degree or the level of the existing technology which is used by urban production and embodies the fact that the input of urban elements can obtain a degree which the technological capability plays at the corresponding output level. The higher pure technical efficiency is, the higher management level and the higher production level of urban development are, which is an important foundation for the conducting of a city's efficiency. Scale Efficiency (SE) reflects the agglomeration effect of a city that plays a role of a social and an economic activity and the effective degree of the input and output scales, so a moderate scale is an important factor in the achievement of a city's efficiency.
The research sample
China adopted the "city governing county" system, the prefecture-level city and cities which are above the prefecture level as a political, economic and cultural center of the region, with strong representatives, so the object of studying in this paper is the prefecture-level city and the cities which are above the prefecture level. By 2013, there had been a total of 289 cities in China that were prefecture-level cities and cities which are above the prefecture level. According to the availability of the city-related data, a total of 285 cities have been selected (excluding Lhasa, Sansha, Tongren City, Bijie City, not including Hong Kong, Macao and Taiwan regions) as the research subjects, these sample cities accounted for 98.61% of the total number of the prefecture-level cities and the cities which are above the prefecture level in our country. In the eastern, the central and the western regions there are 101, 100 and 85 cities, respectively. We have selected to research into the period from 2003 to 2012, with a total of 2850 observation results.
Data sources and processing
Input indicators: Select land, labor and capital as input indicators respectively represented by an urban builtup area, a number of employees of the secondary and the tertiary industries of municipal districts and a fixed capital stock. The existing data can only make it possible for us to obtain the volume of investment in the fixed assets of each city in a particular year, but the current capital corresponds to a certain output in the current period, which can also be used in the lag period corresponding to the corresponding output; Therefore, we have used the perpetual inventory method in order to calculate the capital stocks of the 285 cities nationwide. The calculating formula is:
, where δ is the depreciation rate, I it is the actual fixed-asset investment of the i-th city in that year. In the base year, in order for us to make a calculation of the capital stock, we have used the method by A. Young's (2000) , using the total fixed assets investment in the base year divided by 10% to represent the initial capital stock, and we have used a 10.96% depreciation rate which was used by Shan Haojie (2008, 17-31) to calculate the capital stock of our country.
The expected output: Based on the purpose of this research, we have selected indicators from economic, social and ecological benefits as the three aspects in order to measure the output of the city, respectively represented by the added value of the secondary and the tertiary industries, the total social retail amount of municipal districts and the urban green area. The added value of the secondary and the tertiary industries of each individual city is adjusted to the price of 2003, by the GDP deflator of each particular year in their province. The total retail amount of social consumer goods in the municipal districts is selected so as to represent the output indicators of social welfare, in which the total retail sales are adjusted to the price of 2003 by using the consumer price index, this index mainly reflecting a change in the urban residents' living standards. New urbanization development needs a good ecological environment and living conditions, so we have selected the urban green area to represent the output indicators of ecological benefits.
The undesirable output: Industrial wastewater, industrial waste gas and solid waste can be seen as a process of economic development, intuitively expressing the negative externalities of human activities with respect to the environment; however, due to the limitations of obtaining data, now we mainly take the indicators such as a discharge amount of industrial waste water and a discharge amount of industrial gas as the characteristic ones for environmental pollutant discharge. The relevant data presented in this section were all obtained from the China City Statistical Yearbook of the past years.
AN EMPIRICAL ANALYSIS OF URBAN EFFICIENCY
The whole change of urban efficiency By applying the MaxDEA Pro5.2 software to calculate the above data, it is possible to obtain the urban efficiency of each year from 2003 to 2012, the results of which are accounted for in Table 1 . In this paper, average urban efficiency is 0.381, which was calculated by the software.
During the measurement period, the number of the cities in the efficient frontier hyperplane reached its maximum in the year 2006, which is 30, accounting for 10.53% of all of the observed sample cities. The cities whose efficiency was mainly effectively achieved belong to the following categories, including Beijing, Shanghai, Guangzhou and Shenzhen, these are the cities with highly-developed economies, and guide an influx of large capital and labor, urban modernization and good internationalization development, which can effectively improve urban efficiency. Represented by Changsha, Wuhan, Xiamen and the other cities of the regional urban agglomeration central city. Foshan, Dongguan, Zhongshan and the other cities in the Based on the analysis presented in Figure 1 , which shows the mean trends of urban efficiency in our country, we can divide China's urban efficiency change into the following three stages:
• The first stage: from 2003 to 2007. During this period, the national urban efficiency stably fluctuated at the level of 0.42, and reached the maximum in 2006, the possible reason for this being is the fact that since China had joined the WTO, as the world's factory, plenty of cheap labor and resources attracted a lot of foreign capital to flow into China, thus promoting rapid economic development. The cities also had rapid development, although the extensive mode of the process of urban development led to an excessive consumption of resources and an increase in environmental pollution. All the regions constructed industrial parks and expanded their city-scales, resulting in the low efficiency of the use of land, which also reduced urban efficiency.
• There were a large number of infrastructural constructions, which gradually led to an increase in the industrial output, while the overall economy maintained steady production. But, this economic recovery still relied on the traditional industries, resulting in overcapacity, resource consumption, environmental damage and other issues, which did not make a substantial increase in the urban efficiency of our country, but rather restored to its original level. The people's awareness of the environment and environmental issues was gradually awakening, putting forward the fact that the transformation of economic development could improve urban efficiency from nature.
Urban efficiency by the decomposition of pure technical efficiency and scale efficiency, the results of which are shown in Table 1 , on the basis of the change of the value accounted for in Table 1 , shows that the mean of the national pure technical efficiency was 0.489 during 2003-2012, which was slightly higher than urban efficiency. The mean of the national scale efficiency was 0.783. From the point of view of trends, pure technical efficiency change exhibits the same change in trend as comprehensive efficiency does, and overall scale efficiency shows a declining trend, the mean of scale efficiency ranging from 0.83, in 2003, only to fall to 0.70 in 2012, which was a decline of 15.66 percent, and the average annual decline was 1.57%.
On the basis of decomposition, in order to better understand the impact of the pure technical efficiency and the scale efficiency of the Chinese cities above the prefecture level on urban efficiency, we use a variance decomposition method to measure the contribution degree of pure technical efficiency and scale efficiency to comprehensive efficiency, the results of which are presented in Table 2 . It can be seen from the results in Table 2 that, during 2003-2008, the mean of the contribution degree of pure technical efficiency on urban comprehensive efficiency was 0.72, which is much higher than the contribution degree of scale efficiency on urban comprehensive efficiency, which was 0.28, which is indicative of the fact that the changes in pure technical efficiency having emerged in this study period can be considered as the dominating ones if compared with the change of urban comprehensive efficiency. In 2009, the contribution of scale efficiency dropped to 0.13, indicating that the decline in pure technical efficiency is the primary cause of the decline in urban comprehensive efficiency in that year. The biggest change in the period 2010-2012 was the one related to the rising of the mean of the contribution of scale efficiency to 0.44. It indicates that the cities which are at or above the prefecture level in China, on condition that the technical level is roughly the same, are experiencing an increasing impact of the urban development scale on urban efficiency.
An analysis of the characteristics of regional differences
There are significant differences in regional development in China. So, this paper is based on the traditional three-area dividing method, by which the cities are divided into eastern, central and western, and these three zones are the subject matter of the study. The study finds that, similarly to the economic development of the three zones, for each year between 2003 and 2012, the mean of the three zones of urban efficiency showing the eastern, the central and the western "ladder" -types was descending (Figure 2 ). In the period 2003-2012, the mean of the urban efficiency of the eastern zone was 0.45; the mean of the urban Source: Authors efficiency of the central zone was 0.36; the mean of the urban efficiency of the western zone was 0.33, and their ratio was 1.36 : 1.09 : 1, respectively. Amongst the three zones, only the eastern region's urban efficiency was higher than the national average, with the average efficiency of the central and the western cities being all below the national average.
As can be seen when pure technical efficiency of decomposition is concerned, the distribution of urban pure technical efficiency in the three major areas of our country subverts the traditional "ladder-type" decline law, showing that the eastern urban pure technical efficiency was the highest, only to be followed by the western region, and was the lowest in the middle , the three regions showed a decline; during the period 2010-2012, the urban pure efficiency of the three regions rose and the growth of the western region exceeded that of the eastern region. This article explains this phenomenon on the fact that the western region, as an underdeveloped region in China, was in the process of economic development, although slightly restricted by their own fragile environmental issues, and paid more attention to the improvement of the technical level than the central region did; after the world economic crisis, the export volume of manufactured products fell, and Chinese labor costs increased, which led to the shifting of manufacturers inform the eastern region to the middle region and western region, bringing with them a more advanced production technology, so that the urban pure technical efficiency of the two regions improved.
As can be seen when scale efficiency is concerned, the average urban efficiency of the eastern, the central and the western regions was 0.86, 0.79 and 0.68, respectively, which is the same as the distribution of urban comprehensive efficiency, showing it to be "high in the eastern region and low in the western region" (Figure 4 ). Regarding the trend of change, each one of the three regions showed a downward volatility trend, with the smallest decline in the eastern region, only to be followed by the central region, and the largest decline in the western region. This shows that, in the process of the rapid development of urbanization in our country, there is a rapid expansion of the size of the city, as well as a failure to allocate resources, a failure of the industrial scale to achieve the scale economy and other issues, too.
A difference characteristic analysis of different scales
In the process of urban development, different cities have different initial endowments, such as natural resources, the level of economic development, resulting in the cities' showing different scale characteristics. Therefore, according to the municipal district population size which counts < 500000 people, 500000-1000000 people, 1-5 million people, or 5-10 million people, > 10 million people, these cities are, in this paper, classified into five classes, namely small and medium-sized cities, big cities, megalopolises and super cities. Urban comprehensive efficiency and its decomposition results are shown in Table 3 .
From the pure technical efficiency point of view, the average pure technical efficiency of the super cities, the megalopolises, the big cities, medium cities and small cities is 0.84, 0.72, 0.49, 0.44 and 0.53, respectively. The Figure 4 The zoning of the trend of change in China's urban scale efficiency
Source: Authors average pure technical efficiency of the small cities is higher than that of the large and the medium-sized ones, but still lower than that of the super cities, the megalopolises. It can be concluded that the urban scale and pure technical efficiency represent the "U" -type change in China, that is to say with the expansion of the urban scale, pure technical efficiency declines at first, whereas the urban scale exceeds a certain size, pure technical efficiency gradually increases.
From the scale efficiency point of view, the bigger the size of a city, the higher the level of the urban scale efficiency of the city, increasing from 0.62 in the case of a small city to 0.91 of a megalopolis, but when super cities are concerned, urban scale efficiency declines even as low as to 0.86, appearing to represent the "Inverted U" -type change. On the basis of the analysis of China's urban scale reward stage in Table 4 , we can see that most of the cities in our country are still in a state of increasing their respective returns to the scale, with only a few cities which are in the state of constant returns to the scale or of decreasing returns to the scale. Given the fact that the majority of the cities are in the "growth" stage, a relative lack of investment is still the main reason hindering urban development.
The urban efficiency calculation results show that, during the period of our study, the averages of the urban efficiencies of the super cities, the megalopolises, the big cities, the medium cities and the small cities are 0. 74, 0.66, 0.43, 0.34 and 0.32, respectively . The rule according to which the larger the size of a city is, the higher its urban efficiency is, suggests that, during the period 2003-2012, the urban agglomeration effect that was driven by an urban expansion played a positive role in China's urban development. The larger urban development is, the higher the infrastructure construction level is; the more advanced scientific culture is, the bigger the aggregation of talents is, the higher the technology level and the management level of urban efficiency are. The greater the ability to attract investment is, the more obvious the urban industrial agglomeration effect is. Thus, urban efficiency and the urban scale show a gradual, step-by-step, growth.
As we can see from the relationship between comprehensive urban pure technical efficiency, scale Source: Authors efficiency and changes in the urban size, the combined effect between the two opposite trends affects changes in the development of urban efficiency as well: before urban pure technical efficiency has reached the minimum level, with an increase in the city scale, pure technical efficiency declines; after having exceeded the inflection point, urban pure technical efficiency increases; before urban scale efficiency has declined, an increase in the city scale generates an increase in urban scale efficiency, and scale efficiency declines after it has gone beyond the inflection point. The mechanism of the action is crucial to the study of the city scale in China. It can clearly be concluded that, in the future process of the development of cities, and through a reasonable control of the city scale, the goals of increasing both urban pure technical efficiency and scale efficiency and of having urban efficiency more effectively improved in the future can be achieved.
CONCLUSION
In this paper, by constructing the SBM-Undesirable Model, which contains the undesirable output, the urban efficiency of the 285 cities either at or above the prefecture level in China during the period 2003-2012 is measured and changes in urban efficiency in China are analyzed. Having it decomposed into urban pure technical efficiency and urban scale efficiency, from the perspective of regional differences and scale differences that have been analyzed, the following conclusions can be drawn:
First, during the study period, the average level of urban efficiency is low; during the study period, the average efficiency is low in our country, and has the characteristics of an extensive urban development and a waste of resources. As we can see from the decomposition changes of efficiency, urban scale efficiency > urban pure technical efficiency > urban comprehensive efficiency on the whole, and the impact of urban scale efficiency on urban technical efficiency gradually increases, thus improving urban scale efficiency, which plays a key role in improving urban comprehensive efficiency.
Second, urban comprehensive efficiency between the three major areas in China represents the diminishing distribution of the eastern, the central and the western "ladder-types", and this pattern is consistent with the level of economic development in our country. The distribution pattern of urban pure technical efficiency appears to undergo new changes: urban pure technical efficiency is the highest in the eastern region, only to be followed by the western region, whereas the central region is at the lowest level. The distribution of urban scale efficiency and urban comprehensive efficiency is the same, and the scale efficiency of the western region reveals a large gap between the eastern and the central regions.
Third, from the point of the urban scale, urban comprehensive efficiency and the city scale represent a linear relationship, which means that, with the expansion of the city scale, urban comprehensive efficiency becomes higher. Further decomposed, it can be found that there are two opposite directions of the trend of change between urban pure technical efficiency, urban scale efficiency and the city scale, the results of which provide a new perspective and ideas for a research into the optimal scale of our country.
Based on the foregoing findings, this paper recommends that, in order to improve the urban efficiency of our country, we should develop different urban development strategies which are based on different regional characteristics of each city and Source: Authors the status of scale differences. In terms of regional differences, many cities in the middle and the western regions are in a stage in which returns to the scale are increasing, and restricted by scale efficiency, we should guide investment inflows, accelerate the construction of the infrastructure, rationally adjust the industrial layout and promote its scale efficiency. The cities in eastern region are in a stage in which returns to the scale are decreasing, which calls for a reasonable control of the city scale as a top priority in order to improve urban comprehensive efficiency.
In this paper, we use the SBM model to estimate the urban efficiency of the 285 cities which are at or above the prefecture level in China, verifying the initial idea: in consideration of the environmental factors, China's urban efficiency decreased significantly. This article, however, is still inadequate: the indicators used to measure the environmental factors, only using the discharge amount of industrial waste water and industrial gas, are obviously one-sided, which invites other scholars to improve it in the future.
